is defi ning our century so far, although it is no longer the population statistics that rock the global boat. The explosive population growth of the 20 th century has been slowed down successfully. The current population of 1.411 billion is only growing by half a percent annually and is predicted to fl atline soon.
The dramatic developments of recent years are refl ected in other fi gures. More than 57% of China's citizens now live in urban areas, a fi gure that has doubled since 1990. There are now 17 megacities (metropolitan areas with more than 10 million inhabitants) in China, and the rapid urbanisation continues in line with the dramatic global trend that has seen more than half of the global population become city dwellers (Curr. Biol. (2016) 26, R1205-R1208).
China's success in manufacturing consumer goods for the rest of the world means that this large, city-dwelling population is now by orders of magnitude wealthier than the more rural Chinese were a generation earlier. This wealth is creating environmental problems as it fuels the global expansion of car culture (Curr. Biol. (2016) 26, R307-R310) and conservation problems. Cash from Chinese clients drives the illegal hunting of elephants (Curr. Biol. (2016) 26, R865-R868) and rhinos (Curr. Biol. (2018) 28, R1-R3), as well as the fi nning of sharks (Curr. Biol. (2014) 24, R341-R344).
Arguably the biggest challenge, however, is the thirst of the newly urbanised and industrialised China. The urban population will need more and more water, while the growing industry may continue to use and pollute more and more water resources. Sustainably providing fresh water for 700 million city dwellers and sustainably taking care of their wastewater, while keeping the industries in business and safeguarding the natural water resources of a country encroached by expanding deserts, that
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China's water challenges
The Chinese are becoming wealthier, more urbanised, and (still) more numerous. They will therefore need more and more water, which is already scarce, while pollution and environmental change are threatening even the existing water resources. Sustainable provision of water for 1.4 billion people is one of the biggest challenges of the century, but can astronomically expensive engineering projects solve it? Michael Gross reports.
is the monumental challenge that China faces now.
Sustainable cities
The ancient city of Xi'an looks back on a glorious history as the starting point of the Silk Road and the capital of the Tang Dynasty (618-907 CE). Back then, the city had up to one million inhabitants who did not have to worry about water supplies as eight rivers coming down from the Quinling mountain range delivered more water than they could ever need. One of them, the river Wei, is the largest contributor to the Yellow River.
In the late 20 th century, however, climate change, rapid urbanisation, and over-exploitation of the water resources made the idyllic picture disappear. The city grew from 2 million inhabitants in the 1980s to over 10 million today, and it started to suffer water scarcity much like many other areas in China. The extraction of groundwater had to be restricted for fear of subsidence. By the 1990s, it had ended up depending on freshwater transferred over a distance of 140 kilometres from a reservoir in the Quinling mountains.
The Eight-Rivers Project is an effort to restore the city to its historic, wellwatered glory, using all water resources, from rain to wastewater, as effi ciently as possible. In the course of the project funded with the equivalent of 1.6 billion US dollars, 28 lakes are being created in and around the city, some of them in landscapes designed to refl ect those of the Tang Dynasty. When the project is completed, it will serve the over 8 million inhabitants of the urban area, securing their water provision, wastewater disposal, and also offering attractive landscapes for leisure activities.
Many other cities in China, ranging from ancient historic sites to those newly built from scratch, are now installing and operating resources for sustainable water use and recycling. In some areas, the scarce natural groundwater is reserved for drinking, while all other water use depends on a pseudo-natural system recycling wastewater through a reservoir lake. China is encouraging the rapid urbanisation of its population and trying to guide it in sustainable paths. As part of these efforts, it has approved plans of more than 200 sustainable development projects broadly termed eco-cities. While some of these plans apply to new suburbs, districts, or other organisational units, the most eye-catching examples are those of entirely new cities built to high sustainability standards.
Building the entire infrastructure of a city from scratch makes it easier to implement radically different ideas for more sustainable solutions, such as closed water cycles, or car-free environments. Many such schemes were started just after the millennium amidst much optimism. A decade later, however, reports of half-built eco-cities that failed to gain critical mass were beginning to accumulate.
A fl agship programme, Dongtan, which was to be built for the Shanghai Expo in 2010, was mothballed after a corruption scandal. Others just failed to attract people to move in and companies to start running their business. One that counts as relatively successful is the China-Singapore joint venture, the Tianjin eco-city, which essentially acts as a new suburb to the metropolis Tianjin, and is due to house 300,000 people. By June 2017, 70,000 residents had actually moved in, and the developers announced that the demand for new homes in the eco-city now exceeds supply.
In 2017, the city opened a new water reclamation centre that can treat 100,000 cubic metres of wastewater and produce 21,000 cubic metres of recycled water every day. "The new facility, a joint venture between Keppel Infrastructure and its Chinese partner, treats effl uent to meet China's most stringent standards for wastewater, while boosting the city's non-conventional water supply," the developers say on the project's website. The 2.6 square kilometre Jing Lake, once used as a wastewater pond for the disposal of industrial sludge, has been converted into a living ecosystem.
The situation of the more than 200 other eco-city projects is complex, but criticism of the schemes is getting louder. The best-laid plans for sustainable living can end up having the opposite effect if large projects are abandoned and all the concrete and energy invested goes to waste. And in the end, planners may have to give up their utopian dreams and go back to the messier task of improving the sustainability of the existing cities.
Cities are also a focus of the rapidly growing industries, which have a tendency both to use a lot of water, and to pollute the wastewater they release, exacerbating existing scarcity problems. In a recent analysis of industrial water use in urban areas, Wei Wang from Jiangxi University at Nanchang, China, and colleagues argue that realistic prices for water resources are an important prerequisite for more sustainable water use (Resour. Conserv. Recy. (2018) 128, 489-498). Part of the problem, the authors state, is that "the local governments always tend to distort the price of water for their own interests, e.g., lowering the water price to attract more industrial investment, which could easily result in huge waste of water resource, and posing great threat to sustainable use of water resource".
In their study, Wang and colleagues found that the shadow price of water (i.e. the estimated true cost) exceeds the actual price in all of China's provinces. Appropriate price increases, the authors argue, would encourage industries to make more sustainable use of water resources. They also suggest incremental price increases for higher use and penalties for ineffi cient use, arguing that such measures should be applied by the central government considering the tendency of regional governments to bow to industry interests.
Water challenges can also include fl ooding. Coastal cities like Shanghai have started to develop natural sponge areas to better absorb fl ood waters. The scheme which covers certain districts of 30 different cities aims to convert 20% of the built area in each district into water-absorbing surfaces, which should capture the majority of the rainfall even in extreme storms.
Shifting waters
Beyond the cities, agricultural lands also need water for irrigation of crops, and across the country agriculture accounts for more than 60% of the water use. Water issues are especially problematic in the more arid northern parts of the country, where the average water availability is at 760 cubic metres per year, well below the internationally agreed threshold for water scarcity.
Government-led initiatives have introduced water-effi cient irrigation methods, but the overall agricultural water use has not decreased as a result. In a recent analysis, Jianfeng Song from Northwest A&F University at Yangling, China, have linked the failure to reduce water use to the "rebound effect" well known from the energy sector, where more energy-effi cient equipment encourages users to extend its use and thus cancels out energy saving (Ecol. Econ. (2018) 146, 497-506) .
A characteristically gigantic endeavour to address the problem of water scarcity in northern China has already been proposed by Mao Zedong in the 1950s and has been pursued over decades, namely the diversion of water from the Yangtze river to the north.
The south-north water transfer project aims to divert billions of cubic metres of fresh water to the north. Three routes are planned to tap into the Yangtze at different points. The middle route has already started operating in December 2014. It starts from the Danjiangkou reservoir, whose water level has been raised to allow a part of the reservoir overfl ow to run towards the north by gravity alone. This part of the project is partially aimed at serving the water requirements of the capital Beijing.
The eastern route involves pumping water from the lower reaches of the Yangtze into existing canals that lead it towards the city of Tianjin. Construction started in 2002, but completion of this part of the project has been delayed by concerns about the pollutants accumulated in the river water by the time it reaches that point.
A western route is still in the planning phase and no specifi c schedule for completion is known yet. Originally estimated to cost the equivalent of 60 billion US dollars, the spending on the project has already surpassed that fi gure. It is thus already one of the most expensive engineering projects in world history and has cost more than the Three Gorges Dam, China's largest hydroelectric facility (Curr. Biol. (2016) 26, R779-R782).
As is the case with China's other large-scale engineering projects, the water diversion has met a fair amount of criticism concerning its economical, ecological, and social impact. For instance, water taken from the lower reaches of the Yangtze may be spreading pollution to areas that are so far less affected by it. At the starting point of the central route, around 300,000 people had to be relocated for the raising of the reservoir level.
The sheer scale of the project means that it may have unexpected consequences for regional weather systems and ecological networks that are impossible to predict at the planning stage. It could be described as an experiment in geo-engineering, and the results are likely to be mixed.
Troubled waters
Severe water pollution has been one of the fi rst unintended consequences of China's rapid industrialisation, and the country has struggled to rein it in ever since. Estimates suggest that up to 200 million people in China depend on unsafe water sources, and since 1995, 11,000 emergencies relating to the quality of drinking water have been recorded, many of which have led to civil unrest in rural areas.
Like many other countries, China is facing the dangers of water being polluted with an ever-increasing number of chemicals used in industrial production, medicine, and consumer goods. The challenges of monitoring and removing these pollutants and understanding the effects they may have in combination are affecting China as much as the rest of the world.
In 2015, the central government released a 10-point action plan to tackle pollution of groundwater and surface water, modelled on the similar 10-point plan for air quality. While this shows that the government is aware of the problem and ready to act, Dongmei Han from the Chinese Academy of Sciences at Beijing and colleagues suggest in a recent review that there is still insuffi cient data available to the government to effectively address the problem (Environ. Pollut. (2016) 218, 1222-1233 ).
Han and colleagues compiled nitrate data from surface waters and both shallow and deep groundwater sources, and found that worrying levels of pollution are evident even in some of the deep aquifers, where the residence time of the water would suggest that it should be unaffected by human impacts. The authors conclude that the aquifers have likely been contaminated by transfers through wells or other conduits in ways that have been insuffi ciently recognised so far. As China relies on these deep aquifers for clean drinking water, the authors argue that the unexpected contamination should urgently be addressed, particularly as any remediation may require diffi cult and long-running procedures.
Desert moving in
While China struggles to maintain an adequate and sustainable water provision, the Gobi desert at its northern border with Mongolia is growing and inexorably swallowing up land that was formerly arable. Misuse of water resources and deforestation enable the wind erosion of the top soil, whose disappearance makes the desertifi cation irreversible. China's deserts make up around one fi fth of the territory, and a recent estimate suggests that since 1975 they have grown by 21,000 square miles, corresponding to the size of Croatia.
In 1978, the government launched another gigantic project to counter the advance of the Gobi desert, known as the 'Great Green Wall' or the ThreeNorth Shelterbelt project. More than 60 billion trees have already been planted as part of the project that is set to run until 2050.
Ecologists have criticized the design of the programme, however. Planting thirsty trees in an arid area where grasses and shrubs would be more viable and better suited to the task of stabilizing the soil may have been counterproductive, some have argued. The trees may even decrease the water availability for other plants, and a large number of those planted have already died because they were unsuitable for the arid environment, critics say.
On a more positive note, a recent satellite study of the similarly ambitious reforestation projects in southwestern China as part of the Grains for Green project have detected positive effects (Nat. Sustain. (2018) 1, 44-50), although in this case, too, the lack of biodiversity is a weak point that has been criticised.
Here as in other areas, the Chinese government boldly implements largescale measures that almost amount to the scale of planetary engineering and are likely to have global effects on climate. The underlying cause -the rapid industrialisation repeating many of the mistakes Western countries made a century earlier -doesn't appear to be up for debate.
Those pulling the biggest levers and launching projects that impact the lives of more than a billion people would do well to remember that water is a limited resource, and freshwater even more so. All the water on our planet (including oceans and polar ice caps) combined into a perfectly spherical drop would only have a diameter of 1,385 kilometres, which, incidentally, is much smaller than China.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk On a clear day from the western edge of the Budongo Forest Reserve in Uganda, where I study wild chimpanzee behaviour, I can see the Democratic Republic of the Congo. A thin horizon across the narrow Lake Albert, it would be faster as the crow fl ies for me to reach the vast forests of the Congo Basin -the only habitat for wild bonobos -than to reach some of the other populations of East African chimpanzees. But I, like many primate researchers, know relatively little about bonobo behaviour. A Google Scholar search for any mention of 'bonobo' produces a similar number of hits to searching the single (if long-studied) chimpanzee population at Gombe. Long-term fi eld research with wild bonobos -or bilia as they are locally known -started in the 1970s with Takayoshi Kano. However, unlike the crop of long-term chimpanzee research sites taking off at the same time, repeated civil wars and limited infrastructure delayed the decades of challenging fi eldwork required to study these highly social, long-lived apes. In the 1980s in the US, scientifi c interest was stimulated by the symbol-board prowess of Kanzi in the 'ape language' studies and by Frans de Waal's pioneering comparisons of bonobochimpanzee behaviour. Nevertheless, today there remain relatively few places -in the wild or captivitywhere it is possible to study bonobo behaviour. Besides, what's the point? In chimpanzees, we already have a 'closest living relative' to compare ourselves against. Do we really need another one?
Bonobos and chimpanzees diverge by less than half of one per cent in their genome. Both are forest-living apes with a fi ssion-fusion society, they are at ease in the canopy but typically
